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(54) STEREOUTHOGRAPHIC RESIN COMPOSITION AND STEREOUTHOGRAPHiC METHOD 

(57) The stereolithographic resin composition com- 
prising, (1 )a catinlcally polymerizing organic compound, 
(2)an energy beam sensitive cationic polymerization ini- 
tiator. and (3)a thermoplastic polymer compound which 
uniformly dissolves In said resin composition was pro- 
vided. Therefore, the process for optical solid molding, 
which enabled the production of highly precise solid 
shape, was provided using said resin composition. 
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Description 

Backiground of the Invention 
5 [Field of the Invention] 

The present invention relates to a stereolithographic resin composition, and a stereolithographic method using said 
resin composition. M<SFe specifically,^ the present invention relates to a stereolithographic resin composition which ena- 
bles the production of high-precision moldings having superior mechanical strength, and a stereolithographic method 
10 using said resin composition. 

[Related ART] ^^^^^r'^'^n.^^^P "r . 

A stereolithographic method is a technlt|ue?as des^ Japanese Patent Application Laid-open No. SHO 60- 

75 247515, wherein a given portion of photo-curing resiri placed in a vessel is exposed continuously to a beam such as 
argon, heljum-cadmium or semiconductor laser from above to cure the exposed portion, in order to produce a desired 
plane of cured layer. Then the cured layer Is overlaid with another layer of the photo-curing resin, whjch is then photo- 
cured in the same manner to produce a^^nSjcur^ which continuously overlaps' tH^ firet iaj^ 
process is repeated tb'flrialiy d^ ' ' ^ .^ i k . : ; « r" ; 

20 A type of resins previously used for the'above-descHbed stereolithographic methpd^are radically ppiyrnerizing resin 
compositions, including photosensitive resins composed^ prirnarily of polyester acryTatf ?"uretha^ epoxy acr- 

ylate, or polyether acrylate. F^r exar^^ Laid-open No.HEI2-145616, with tiievaim.pf 

reducing deformation, discloses a ster which a)nta[ns Jiquid resin and fine particles wlpse d^ 

ence in apparent specific gravity isTlesslfljnJp J;'*^ Patent Application LaicJ-open|to^ HE^JgO^S 

25. resin composition containing a reactive 'oligtm^ content of a specific bifunctiony acry^ate/F^^ 

moldings at higher precision, Ja^nese.p^enl^^^^ reports a composition compris- 

ing an unsaturated ethylene<JeViWtive1mm^^ and a potentially inso!uble,^ pptentiaily,ra^^ 

polarizing substance, and Japanese Patent Applications Laid-open No.HEI3-41126 repqrte,,a^cpm^o^^ 
an unsaturated ethylene-derivative monomer, a photo-initiator, and a potentially soluble rado-|Miara 

30 respectively. In addition. Japanese Patent Application Laid-open:No.HEI4-85314 a resin composition comprising a sili- 
cone urelhane acrylate; a compound having niulti functional etiiyliene-type unsaturated bonds, and a polymerization irlii- 
tiator. 'r:v: ^ j-^' : . /ior ■•^'-vr;-^'ih: .. / - ::■ ':\-v -i:^^ ■ 

Another type of stereolithographic resins are known cationically polymerizing resins: For example, Japanese Patent 
Application Laid-open NoHEH -213304 discloses an invention characterized by comprising ^ tatiohic^^^^^ 

35 energy beam curable organic conpound and a energy sensitive cationic pdiynierizAtioh initiaitdr:"^^^^ 

Application Laid-open No.HEI2-28261 discloses a resin comprising a cationically polymerizlrig energy bearn curable 
organic compound and a portion of a radically polymerizing radio-curing organic compound,^^w 
shrinkage and improved resolution. Also. Japanese Patent Applicati6n:Laid-bp4n NorHEI2-8042^ 
composition comprising an epoxy resin, a vinyl ether resin, a energy beam sehsith/e c^^ 

40 radically curing resin, and a energy beam sensitive radical polymerization initiator. In addition. Japanese Patent Appli- 
cation Laid-open No.HE12-75618 discloses a stereolithographic resin composition characterized by comprising a cati- 
onically polymerizing energy beam curable organic compound, a energy beam sensitive cationic polymerization 
initiator, a radically polymerizing energy beam curable organic compound, a energy beam sensitive radical polymeriza- 
tion initiator, and a polyester having hydroxy! groups. 

45 However, existing stereolithographic resins do not provide sufficient mechanical strength against impacts on the 
moldings. The f ragileness of the moldings made their application as mechanical parts difficult, as they easily cracked 
when struck. Another hindrance in using photo-curing resins as a stereolithographic resins is the significant volumetric 
shrinkage during curing, which results in the warp and distortion of the moldings. 

The object of the present invention. tiierefbre, .is to provide a stereolithographic resin composition having improved 

so strength against the moldings, and a stereolithographic method using said resin composition. 

Another object of the present invention is to provide a stereolitiiographic resin composition having reduced volu- 
metric shrinkage to prevent warp and distortion during curing, and a stereolithographic method using said resin com- 
position. 

55 Summary of tiie Invention 

The inventors have, after thorough study, found a stereolithographic resin composition which attains the objects of 
the present invention with superior impact strengtii of the moldings, and a stereolitiiographic method using said resin 
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composition, to finally complete the present invention. 

That is, the present invention is a stereolithographic resin composition comprising, as essential components 
thereof: 

5 (1) a cationically polymerizing organic compound: 1 00 parts by weight; 

(2) an energy beam sensitive cationic polymerization initiator: 0.05 to 10 parts by weight: and 

(3) a thermoplastic polymer compound which uniformly dissolves in said resin composition: 3 to 100 parts by 
weight. 

10 Also, the present invention is a stereolithographic resin composition comprising, as essential components thereof: 

(1) a cationically polymerizing organic compound: 100 parts by weight; 

(2) an energy beam sensitive cationic polymerization initiator: 0.05 to 10 parts by weight; 

(3) a thermoplastic polymer compound: 3 to 100 wt% of the sum of (1) and (4); 
15 (4) a radically polymerizing organic compound: 1 to 100 parts by weight; and 

(5) an energy beam sensitive radical polymerization initiator: 0.05 to 10 wt% of (4). 

In said resin composition, it is preferable tiiat 50 wt% or more of (1) cationically polymerizing organic compound, 
1 00 parts by weight, is an epoxy conpound having two or more epoxy groups per one molecule. 
20 in said resin composition, it is also preferable that 50 wt% or more of (4) radically polymerizing organic compound. 
1 to 1 00 parts by weight, Is a radically polymerizing compound having two or more of (meth)acrylic groups per one mol- 
ecule. 

In said resin composition, it Is additionally preferable that the number-average molecular weight of (3) thermoplastic 
polymer compound is 1000 to 500000. 

25 Further, in a stereolitiiographic metiiod, wherein a given portion of an energy beam curing resin composition is 
exposed to an energy beam to cure the exposed portion thereof, in order to produce a desired thickness of cured layer; 
then, \he cured layer is overlaid with another layer of the energy beam curable resin composition, which is then cured 
in the same manner to produce a second cured layer which continuously overlaps the first layer; and the same process 
is repeated to finally obtain a three-dimensional molding; which comprises using as the energy beam curable resin 

30 composition, either of the resin compositions according to the present invention described above. 

Description of the Prefen-ed Embodiments 

In the present invention, (1) cationically polymerizing organic compound, which is an essential component of the 
35 Stereolithographic resin connposition according to the present invention, is a compound which polymerizes or cross- 
links in the presence of an energy beam sensitive cationic polymerization initiator which is activated by exposure to an 
energy beam. 

Examples of such compounds include epoxy compounds, cyclic ether compounds, cycliclactone compounds, 
cyclic acetal compounds, cyclic tiiioether compounds, spiroortiioester compounds, and vinyl compounds. They may be 
40 used independently or in combination. Among them, epoxy connpounds are suited for their availability and case of han- 
dling. As such epoxy conrpounds, aromatic, allcydic and aliphatic epoxy resins and the like are best suited. 

Examples of tiie aromatic epoxy resins Include polyglycidyl ethers of polyhydric phenols or their adducts with 
alkylene oxide, such as bisphend A, bisphenol F, the glycidyl ethers of their adducts with alkylene oxides, or epooxy- 
novolac resins. 

45 Further, examples of the alicyclic epoxy resins include polyglycidyl ethers of poly-hydric alcohols having at least 
one alicyclic ring, or a compound having a structure of cyclohexene-oxide or cydopentene-oxide obtained by epoxide- 
tion of a compound having a structure of cydohexene- or cyclopentene-ring with an oxidant. For example, mention may 
be made of diglyddyl etiier of hydrogenated bisphenol A, 3,4-epoxycylohexylmetiiyl-3,4-epoxycyclohexyl carboxylate, 

3.4- epoxy-1 -metiTyicylohexyl-3,4-epoxy-1 -methylcydohexane carboxylate, 6-metiTyl-3,4'epaxycylohexylmetiiyl-6- 
50 methyl-3,4-epoxycyclohexane carboxylate, 3,4-epoxy-3-metiiylcylohexylmethyl-3,4-epoxy-3-methylcyclohexane car- 
boxylate, 3,4-epoxy-5-methylcylohexylmethyl-3,4-epoxy-5-metiiytcyclohexane carboxylate, 2-(3,4-epQxycyclohexyl- 

5.5- spiro-3,4-epoxy)cydohexane-metiiadioxane, bls(3,4-epoxycyclohexylmethyl) adipate, vinyl cydohexene dioxide, 4- 
vynyl epoxycyclohexane, bis(3,4-epoxy-6-metiiylcyclohexylmetiTyl) adipate, 3,4-epoxy-6-methylcyclohexyl carboxylate, 
methylene bis(3,4-epoxycyclohexane), dicydopentadiene diepoxide, ethyleneglycol dl(3,4-epoxycyclohexylmethyl) 

55 ether, etiiylene bis(3,4-epoxycyclohexane cart)oxylate), dioctyl epoxyhexahydrophtiialate, di-2-ethylhexyl epoxyhex- 
ahydrophthalate, and the like. 

Examples of the aliphatic epoxy resins include polyglycidyl ethers of aliphatic polyhydric alcohols or their alkylene 
oxide adducts, polyglycidyl esters of aliphatic, long chain, poly-basic acids, homopolymers of glycidyl acryiate or meth- 
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acrylate, copolymers of glycidyl acrylate or methacrylate, and the like. Typical examples of such compounds include 
glycidyl ethers of polyhydric alcohols, such as 1,4-butanediol diglycidyl ether. 1,6-hexanedlol dlglyddyl ether, triglycldyl 
ether of glycerol, triglycldyl ether of trimethylol propane, tetraglycidyl ether of sorbitol, hexaglyddyl ether of dipentaer- = 
ythritol. diglycidyl ether of polyethylene glycol, and diglycidyl ether of polypropylene glycol; polyglycidyl ethers of poly- 

5 ether-polyols, which can be obtained by adding one or more aikylene oxides with aliphatic^polyhydrlc alcohols such as 
propylene glycol, glycerol; and diglycidyl esters of aliphatic, long chain diTbasIc acids. Further, mention may be made 
of mono-glycldyl ethers of aliphatic. higher alcohols; mono-glycidyl.ethers.of .phenol,.cresol,. butyl phenol. .or polyether 
alcohols which can be obtained by adding aikylene oxide thereto; glycidyl esters of higher fatty acids; epoxidized soy* 
bean oil; octyl epoxy-stearate; butyl epoxystearate; epoxidized linseed oil; epoxidized polybutadiene and the like. 

10 Furthermore, it Is particularly preferable to employ an epoxy compound having two or more epoxy groups per one 
molecule among the epoxy compounds described above in an amount of 50 wt% or more based on 1 00 parts by weight 
of (1) cationically polymerizing organic compounds capable of quiring upon exposure to an energy beam! As 50 wt^ or 
less of the remaining component;=iJse may beirhade of a c^^ or a cat-; 

ionlcally polymerizing organic compound^^except for epoxy cbmpoburKte 

15 employ the mixture of the cationically polymerizing organic compound except for epoxy compounds and the cycloh©c- 
ene oxide compound described above.:- ^--'^^ -■- ' vUc^- • n'rh???^.^' r-A^^^n ^?.i^-'=r<.----:;:- 

Examples of (1) cationically polymerizing organic compounds except for epoxy compounds, which can be employ 
in this invention; Include trlmethylenis pxide, bxetane compounds sdch^als 3.3<llmethyl oxetane and 3,3TdlchlororTiethyl 
oxetane; oxofuran compounds such as tetrahydrofuran and 2,3-dimethyl-tetrahydrofuran; cyclic acetal compounds such 

20 astricxane,>1.3^ioxoraneandi1.3j6^tricbcahecyclb6ctane 

thilrane compounds < such as ethylene i sulfide and vthioepichlorohydrine; thietane ivcompbunds' such as '1 .3-propyne 
sulfide and 3.3-dlmethyI thietane; cyclic thio-ether compounds such as tetrahydro-thiophene derivatives; vinyl com--o 
pounds such as ethylene glycol dlvinylether;:alkyl vinylether, 3;4Klihydropyrarie-2-methyi (3;4r^ 
ylate) and triethyleneglycol diyinyl ether; spiro-ortho ester compounds obtained by theJri^actibn^.rt^^^ 

25 and a ladphei ethylenic unsaturatkl compounds such as vinyl cyclohexene; Iso-butylene and polybutadlehia,^^ 

atives.thereof.«2:.to. rf^;!/^^fj^6st^ij.?^>?a«4b :^ •^■■v-tix^*- •■ • ^'^-^es^^fUnoj^iUvf ij-^^iX^^ ^ot'^.^ykr.A '^f '-m^-ytf^my^ ^-y-. ^■^\-.f-> 

According to the present invention, the cationically polymerizing material described; a^^ be used as (1) cat- v 

lonicallypoi]^erizlng^orgariic.cpmpG^^ 

Since theVstereolithbgrap^ resin compbsi^bn'd^ th^t^es^ni/irr/entlbh:^^ nrklhlylhe^catiohibally < ' 

30 polymerizing organic compound idescribed aboverthe curing^reaction upon exposure to an energy beam Is carried out 
without the effect of oxygene iri air. and the sensitivity to an active energy b^m Is very high. In addition, as the volu- 
metric shrinkage during curing is small to prevent wrap and distortion, which results in •high-precision moldings, the ' 
composition of the present Invention is a superior stereolithographic resin composition. Furthur. as this resin composi- 
tion has lowvlscosity 'before curing, the saving of molding time^is ix)s^ble;v ^ v. ■ : on;.-. . • ^ -^^ 

35 In the present ^invention. (2) eriergy beam sensitive cationic fidymerization Initiator, which is an eissentlal compo- 
nent of the stereolithographic resin composition according to tiie present invention, is a compound which can emit a 
substance that initiates cationic polymerization upon exposure to an energy beam, preferably a double saK of an onium r 
which emits arLewisiadd upon exposure, or.a derivative thereof. A typical example of such compounds . is a salt of a 
cation and an anions expressed geherically.by a*miu^ r/s?* . ; > -.^w^n : vr . Ks . 

Preferably, the: cation A'^'^ Js an onium having a structure such as one expressed as: . ^ 

Here.^R^ is an organic group having ,1 to 60 carbons and any number of non-carbon atoms.Hie number ?a' is an 
Integral nunt)er in the range of 1 to 5. The 'a' groups, R^ are independent of and may be identical or non-identical to 
45 each other; preferabiyi at least one of them is to be an orgariic group haying an aromatic.ring as described above^ The 
symbol ^Z^denotes an atbm br aniiatdm^^ trom^the^ group consisting iOf S^ Ni^Se^^T^ Sb;i Bi; O,: I, : 

Br, CI...F and .NsN. . Assuming:the valence of 'Z' in the cation A "^ as -z'.^it is required :that the relation m = a - z is 

The anion B is preferably a halide complex having a structure such as one expressed as: 

Herei 'L' Is a central metal or metalloid atomof tiie halide complex, such as B, P, As, Sb, Fe, Sn. Bi, Al, Ga. In, Ti, 
Zn. Sc, V, Cr, Mn or Co.'The symbol X denotes a halogen. The number "b' is an integral number In the range of 3 to 7. 
Assuming the valence of V in. the anion B*^' as *p', it is required that the relation m = b - p is observed. 

Examples of-anlpns expressed by:the;above; generic formula {L^ ,^^include tetrafluoro (BF4)'. hexafluoro- 
55 phosphate (PFg)". hexaf luoroantimonate (SbFe)'. hexaf luoroarsenate (As Fg)", and hexachloroantimonate (SbCle)'. 

A structure expressed as [LXb.^ (OH)] may also preferably be used as the anion B where 'U. X and la' are 
defined as described above. Other suitable anions Indude perchloric ion (CIO4)'. trif luoromethylsulf urous ion (CF3SO3)' 
, f luorosulfbnic ion (FSO3)', toluenesulfonic anion, and trinitrobenzenesulfonic anion. 
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Among these onium salts, aromatic onium salts can most effectively be used for the present invention, particularly 
aromatic haionium salts as described in Japanese Patent Application Laid-open Nos.SHO50- 151997 and SHO50- 
158680: aromatic onium salts of the VI A group as described In Japanese Patent Application Laid-open Nos.SHO50- 
151997, SHO52-30899, SHO56-55420. SHO55'125105, etc.; aromatic onium salts of the V A group as described in 
5 Japanese Patent Application Laid-open No. SHO50-1 58698; oxosuHoxonium salts as described In Japanese Patent 
Application Laid-open No. SH056-8428, SH056-1 49402, SH057-1 92429, etc.; aromatic diazonium salts as described 
in Japanese Patent Application Laid-open No.49-17040; and thiopyrylium salts as described in U.S. Pat. No. 4139655. 
Other preferable examples 6f initiators Include Iron/allene complexes, and aluminum complex/jphotolytic silicon com- 
pounds. 

70 Among these aromatic onium salts, those consisting of compounds expressed generically as 



IS 




20 

have an advarrtage In the photo-curing rate, where 'R', which may be identical or non-identical to each other, is hydro- 
gen, halogen, alkyi group containing 1 to 5 carbons, or alkoxy group containing 1 to 5 carbons which may be siA)stituted 
with hydroxyl. halogen, or alkoxy group containing 1 to 5 carbons, and X' is anion selected from the group consisting 
of SbPfi-, PFg*. SbFs (OH)- and PF5 (OH)". 

25 Also, compounds wherein X' in the above formula Is either SbFs' or SbFs (OH)' exhibit superior reactivity upon 
exposure, giving a further advantage In the photo-curing rate. 

In the present invention, the content of (2) energy beam sensitive cationic polymerization initiator Is 0.05 to 1 0 parts 
by weight, preferably 0.5 to 10 parts by weight, per 100 parts by weight of (1) cationically polymerizing organic com- 
pound. A content below 0.1 parts by weight would fail to cure tiie resin composition completely, and that above 10 parts 

30 by weight would not give sufficient strength. to tiie cured resin. 

In the present Invention, (3) thernrwplastic polymer compound is a polyn^ compound which is In a liquid or solid 
state at room temperature and mixes uniformly witii the resin composition at room temperature. :^ 

Typical examples of such thermoplastic polymer compounds which dissolve uniformly with the resin composition 
include polyester, polyvinyl acetate, polyvinyl chloride, polybutadiene, polycartjonate, polystyrene, polyvinyl ether, pol- 

35 yvinylbutyral, polyaaylate, polymethyl metiiacrylate, polybulene. and styrene-butadiene block copolymer hydrogen- 
ated. Derivatives of tiiese thermoplastic polymer compounds having functional groups such as a hydroxyl, cart>oxyl, 
vinyl or epoxy group may also be used. The preferable number-average molecular weight of said thermoplastic polymer 
compound as used in the present invention is 1 000 to 500000, most preferably 5000 to 1 00000. A molecular weight out- 
side this range may be practicable; however, an excessively low molecular weight would iaW to attain desired improve- 

40 ment in strength, and excessively high one would increase the viscosity of the resin composition, making it unsuited for 
optical solid molding. 

The content of (3) thermoplastic polymer conpound in tfie stereolrthographic resin composition according to the 
present invention is 3 to 1 00 wt% of the resin content of the composition, I.e., (1) cationically polymerizing organic com- 
pound, or the sum of (1) and (4) radically polymerizing organic compound, preferably 1 0 to 30 wt%. A content of 3 wt% 

45 or less would fail to attain the aforementioned characteristics, and that above 1 00 wt% would inpair the curing property. 
A molding of the resin composition according to the present invention has improved impact strength as it contains (3) 
thermoplastic polymer compound. Generally, resin Is required to have two opposing characteristics: bending strengtii 
and impact strength. The present invention attains higher impact strength without impairing the bending sti'ength, while 
Improving tiie precision of the molding relative to tiie design dimensions. 

50 In the present invention, (4) radically polymerizing organic compound, which is a component of tiie stereolitho- 
graphic resin composition according to tiie present invention, is a radically polymerizing conpound which polymerizes 
or cross-links upon exposure to an energy beam in the presence of a energy beam sensitive radical polymerization ini- 
tiator and, preferably, has at least one unsaturated double bond per one molecule. 

Examples of such compounds include acrylate compounds, methacrylate compounds, allyl uretiiane compounds, 

55 unsaturated polyester compounds, and polytiiiol compounds. 

Among these radically polymerizing organic compounds, those having two or more (meth) acrylic groups per one 
molecule, such as epoxy (meth)acrylates, urethane (meth)acrylates, polyester (meth)acrylates, polyetiier (metii)acr- 
ylates, (metii)acrylic esters of alcohols, are best suited, for tiieir availability and ease of syrrthesis and handling. 
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Here, epoxy (meth) acrylates refer to acrylates which are obtained by the reaction of, for example, a known aro- 
matic, alicyclic or aliphatic epbxy resin and (meth) acrylic add. The most preferable of these epoxy (meth)acrylates are 
the (meth)acrylaites pf^aromatic;epo)cy resins which are obtained by the reaction of a pofyglycldyl ether of a polyhydric* 
phenbl havingat least one aromatic nuclei or ah added alkylene oxide theredf. 'and {meth)acrylic acid. One example'ls 
the (meth) acrylate obtained by the reaction of a glycidyl ether and (meth)acrylic acid, the former obtained by the reac- 
tion of bisphenol A or an iadded alkylene oxide thereof and epichlorohydrln. Another example Js the (m6th)acrylate 
obtained by the rea:ctibn of an epoxy novolac resin and (meth)acryiic acid. 

The most preferabie'ureth'ahe (meth)aci'ylates arei those obtalhed'by the reaction of one or more polyesters or pol- 
yethers having a hydroxyl group, a (meth)acrylic ester having a hydroxyl group, and an isocyanate, and those obtained 
by the reaction of a (meth)acrylic ester^having a hydroxyl group and an Isocyanate. 

Among polyesters having a hydroxyl group, the most preferable ones are those obtained by the reaction of one or 
more polyhydric aliphatic alcohols and one or more polybasic acids. Examples of the potyhydric aliphatic alcohols 
include 1,3-butanediol. 1,4-butanediol, 1,6-hexanediol, diethylene glycol, triethylene glycol, neppentyl glycol, polyethyl- 
ene glycol, polypropylene gIycol;trimethylo!f3ropane, glycerol, pentaerythritol, arid dIpentaerythritoL 

Examples of the polybasic acids include adipic acid, terephthallc acid, phthallc anhydride, and trimellitic acid. 

Among polyethers having a hydroxyl grbup. the moist preferable ones! are those obtained by adding one or more 
alkylene oxides to a polyhydric aliphatic alcohol. Examples of the polyhydric aliphatic alcohols are such as those listed 
above. Examples of the alkylene oxides include ethylene oxide and propylene oxide. 

Among (meth)acrylic esters having a hydroxyl group, the most preferable ones are those obtained by the esterifi- 
cation of a polyhydric aliphatic alcohol and (meth)acrylic acid. Examples of the polyhydric aliphatic alcohols are such 
as thoseJistedaboveiO?^'^ iiVi^^>''-=^-j'''^^^ •^'^•^'y-.J-' -^riv.-: ■v';u;:;-:'<wm. •■ 

This bestisu'rted ofthese (meth)acrylic este 
dihydric aliphatic alcohol and (rheth)acry!ic acid, ^tich as 2-hydroxyethyl (meth)acrylate: o /^^^ -^^^ 

Among isocyanates, the most preferable ones are those having at least one drlhribre Isbcyariic gr^ 
ecule. partlcularlydlvalent visocyahic corfipouhds isuch'as tbiylehe dilsocyanate;ohexaiTie^ dlisbc^nate^and isd^ 
phorone dilsocyanate. . . -Ui '-nm^'^^y'^'Af^-^ r ^- ^jgiMm^vwi ••wndv^jt .vi ^-^Xi-^ 

The most preferable polyester (meth):acrylates are those obtained: by the reaction of a polyester having a hydroxyl 
group and,(m6th)aa)f|fcaclj^ 
by theeste(rifi(:ati6n>of^^^^ more pblyhydrid a 

nols. Examples Of the polyhydric aliphatic alcohols are such as thos^ listed abovei-jBcamples of the mpnoadds include 
formic acid; acetic acid. butylcarbQxylic acids.-and benzd^ 

terephthallc acid, phthalic anhydride; and trimellitic acid: Examples of the phenols include phenol.^p^nonyl phenol^^ 
blsphehol:=A:i*^i'>-.' t^n^^''. -fr'T-^'K^^; ^imiCv^^m ^^M-^ -^bc^iuja^m^ '\mh\.!hy:i.:^M'^^^^^ /i-^b-v-^^s^^-- 

The.most preferable poiyetherC 
group and (meth)acrylic ackJ: AirTiong hydrd)(ii^^roup, the most preferable ones are those obtained 

by adding one or more alkylene oxides to a polyhydric aliphatic alcohol. Exanriples of the polyhydric aliphatic alcohols 
are such a&thosevlisted of^thralkylehe oxides Incli^ svtt^ ^^v^ 

. The niost preferable (h^^^ (nriettijacrylates obtained bylthe 

or aliphatic:al(X)M^haVirig at least one hydroxyl group per one mpliecule or an^^a^ 

acrylic acid. Exarriples of such (meth)acrylates include" 2-ethylhexyl (meth)acrylate, 2-hydrQxyethyl (meth)acrylate.^ 2- 
hydroxypropyl (meth)acrylate, isoamyl (meth)acrylate, lauryl (meth)acrylate, stearyl (meth)acrylate, isooctyl (meth)acr- 
ylate. tetrahydrofurfuryl (meth)acrylate, isobonyl (meth)acrylate; benzyl (meth)acrylate,1 i3-butahediol di(meth)acr- 
ylate, 1v4rbutanedipr di(meth)acrylate;r 1 .6^hexanedlordi(meth)acrylate, diethylene glycol dl(rneth)acrylate; triethylene 
glycordi(meth)acrylate. neopentyl glycol di(meth)acrylate. polyethylene glycol di(meth)aaylates, polypro 
di(meth)aCTylates^^ trimethylolpropane ( ^ tri(meth)acrylate;:r pentaerythritol 3* tri(meth)acrylate, ' V^dipentaerythritol : 
hexa(rrieth)a[CTylate. and Efrcapr KeoQ(m€lth)acrylatei i ni:>'^ ^ w :;:n ^^r^^^ 

The best suited of these (rfi^jaciylates are poly(m^^ : 

The above radically polymerizing:organic compounds may be used indeperidently or in combiretion to attain a 
desired property. i -..-.^- 

The content of said (4) radically polymerizing organic compound is 1 to 100 parts by weighty preferably 10.to 50 
parts by weight, per .100 parts by weight of (1) catibhically polymerizing organic compound.. If the content exceeds this 
range, curing is hanrpered by oxygien to reduce curing rate during curing and, thus, after-curing may be required, while 
shrinkage during curing may cause warp. 

It is also preferable that 50 wt% or more of the radically polymerizing organic compound, 1 to 100 parts by weight, 
is a radically polymerizing organic compound having two or more {meth)acrylic groups per one molecule. 

The resin composition according to the present invention with a radically polymerizing resin improves the curing 
rate in a stereolithographic method, compared with the composition without it. which is preferably used as a stereolitho- 
graphic resin composition. ' 
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The (5) energy beam sensitive radical polymerization initiator which is one component in tiie stereoiithographic 
resin composition according to tiie present invention, preferably, includes ketone series compounds such as acetophe- 
none series compounds, benzoin ether series compounds, benzyl series compounds and thioxanthone series com- 
pounds. Acetophenone series compounds include, for example, diethoxyacetophenone. 2-hydrQKymethyl-1- 
5 phenylpropane-1 rone. 4'-iso-propyl-2-hydroxy-2-methylpropiophenone, 2-hydroxy-2-methylpropiophenone. 2,2- 
dimetiioxy-1 ,2-diphenylethane-1 -one, p-dimethylaminoacetophenone, p-tert-buthyldichloroacetophenone, p-tert- 
buthyltrichloroacetophenone, p-azidobenzalacetophenon, 1-hydroxycyclohexyfphenylketone. 2-metiiyl-1-[4-(methyl- 
thio)phenyq-2-morphoIlnopropanone-1,2-benzyl-2<limethylamino-1-(4-morpholinopheny^ and the like. 

Benzoin ether series compounds inclede, for example, benzoin, benzoin methyl ether, benzoin ethyl ether, benzoin 
10 isopropyl ether, benzoin-n-butyl ether, benzoin Isobutyl etiier and the like. 

Benzyl series compounds include benzyl, anisyl, benzyl methyl ketal. benzyt-p-methoxyethylacetal and tiie like. 

Benzophenone series compounnds include, for example, benzophenone.methyl o-benzoyi benzoate. MIchier's 
ketone, 4,4'-bisdiethylamino benzophenone. 4,4*-dichlorobenzophenone. 4-benzoyl-4'-methyldiphenyl sulfide and the 
like. Thioxanthone series compounds include thioxanthone, 2-methylthioxanthone, 2-ethylthiaxanthone, 2-chlorothiox- 
15 antiione. 2-isopropylthioxanthone. 2,4-dietiiylthioxantiione and the like. 

Other energy beam sensitive radical polymerization initiators include 2.4,6-trimethylbenzoyldiphenyl phosphein 
oxide, bis{cyclopentadienyl)-bis[2.6KJifIuoro-3-(pyi-1-yl)]titanium and the like. 

The above energy beam sensitive radical polymerization initiators maybe used independently or in combination to 
attain a desired property. The content of (5) energy beam sensitive radical polymerization initiator described shove is 
20 0.05 to 1 0 wt % , preferably 0.1 to 1 0 wt % based on the weight of (4) radically polymerizing organic compounds capable 
of curing upon exposure to an energy beam. If the content exceeds this range, the resulting resin has an insufficient 
strength, and if below, the cure of the resin is insufficient. 

(6) Organic compounds having two or more hydroxyl groups per one molecule , which is one component in the ster- 
ns eolithographic resin conposition according to the present invention, preferably include polyhydric alcohols, poly- 
ethers containing hydroxy groups, polyesters containing hydroxy groups and polyhydric phenols. 

Examples of the polyhydric alcohols include ethylene glycol, propyleneglycol.neopentylglycol. trimethylolpropane. 
glycerine, pentaerythritol, dipentaerytiiritol, 1,3-butanediol. 1 ,4-butanediol. 1 ,6-hexanediol and the like. - 

30 The polyether containing hydroxy groups means a compound obtained by adding one or more alkylene oxide to 
one or more pdyhydric alcohols or one or more polyhydric phenols. Examples of the polyhydric alcohols or polyhydric 
phenols used therein include ethylene glycol, propylene glycol, neopentyl glycol, trimethylolpropane, glycerlne^^pen- 
taerytiiritol, dipentaerythritol. 1.3-butanedioI. 1,4-butanediol. 1,6-hexanediol, bisphenol A, bisphenol F, phenol novolak. 
cresol novolak and the like. Examples of tiie alkylene oxides include propylene oxide, etiiylene oxide and the like. 

35 The polyester containing hydroxy groups means a polyester obtained by esterificatioin of one or more monobasic 
or polybasic acids and one or more polyhydric alcohols and/or polyhydric phenols, and a polyester obtained by esteri- 
f ication of one or more lactones and one or more polyhydric alcohols. Examples of the polyhydric alcohols or polyhydric 
phenols such as tiiose listed above. Examples of the monobasic acids Include forniic acid, acetic acid, butyl carboxylic 
acid, benzoic acid and the like. Examples of the polybasic adds include adipic acid, terephthalic add, frimellitic acid and 

40 the like. Examples of the phenols include phenol and p-nonyl phenol. Examples of the lactones include p-propiolactone 
and e - caprolactone. Examples of tiie polyhydric phenols indude bisphenol A, bisphenol F,and the like. 

The polyhydric phenol means a compound containing two or more hydroxy groups, bonded directly to aromatic 
ring, per one molecule. For example, mention may be made of bisphenol A, bisphenol F, phenol novolak resin, cresol 
novolak resin and the like. 

45 These (6) organic compounds containing two or more hydroxyl groups per one molecule may be used Independ- 
entiy or in combination to attain a desired property. 

The content of tiie organic compounds containing two or more hydroxyl groups per one molecule is preferably 1 to 
50 parts by weight, based on 100 parts by weight of (1) cationically polymerizing organic compounds in the resin com- 
position. The addition of (6) organic compound containing two or more hydroxyl groups per one molecule improves the 

50 impact strength of the molding with keeping its bending strength. And also, the reactivity of the resin is Improved to 
increase the curing rate. 

Among the organic compounds containing two or more hydroxyl groups per one molecule, those which have the 
molecular weight of less than 1000 and tiie hydroxy! value of less than 300 can particularly preferably exhibit such a 
superior effect as described above, which can be obtained when (6) organic compound containing two or more hydroxy 
55 groups per one molecule is added. 

In the stereoiithographic resin composition according to the present invention, if desired, a photosensitizer can be 
added, which is not essential. For example, the use of photosensitizer such as antiiracene derivative or pyrene deriva- 
tive Improves the curing rate of the molding in a stereoiithographic method and exhbits preferable property as a resin 
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composition, compared without it. . 

Further.'various resin additives, such as thermosensltive cationic polymerization initiater, inorganic filler; organic 
filler, coloring agent such aslpignrieritfand dye^ agent, defoamer, thickener, fillei* material/frame ri^^ 
oxidant and siabillzer, may be'kddeid'a^ provided that they do hot Impair the advantage of the'pfeserit Inven- 

5 tion. As the therrhosensitive cationic polymerization initiater, for example, aliphatic pnium iaits described in Japanese 
Patent Application Laid-open NOS.SH057-49613 and SHO58-37004. can be mentioned. ' ' • 

In the present invention, afbi-emehtibned Various resin additives, such as phbtosehsitizer. thermosehsitive catiphic 
polymerizdtiort'lnitiatbr,' coloring agem such 'as pigment or dye, leveling agent, defoahier, thickener, flame retardant; 
. filler, antioxidant,. and stabilizer, may be added as desired in the amounts of their normal use,, provided that they do not 
10 impair the advantage of the present invention. However, it is preferable that they are limited to 150 wt% or below of the 
total amount of the stereolitfipgraphic resin composition according to the present invention, so as not to amplify the dis- 
tortion of the obtained molding.- • V- . ' . ' ^. '.v' \.' . ^< -t' . 

The:active,energy,fa^^ resin composition according to 

violet ray,^ari electron beam, an X-ray.^^^ 
15 economical reason. Examples of a source of the ultraviolet ray indude.an uHravibietlaser, a tmercury:lamp,T^a xenon 
lamp,;a sodium lamp,^ and an alkairmetal lamp. The most preferable 'source Is' a las^r for its superlbr light convergence 
property particularly one with an emission wayelehgtii of 300 to 45p:rim.'p^M . ^ i/ ^ ^ p / v^. 

Next; the stereolithographic method iaccording;to the pi^esert^ l^^v r v 

The first step to can'y out the stereolithographic method according tp.the present invention is to prepare a stereo- 
20 lithographic;reslnxomposltion!^rom:.:(1)?ac 

cationic pblymerlzatloninrtlatbr' In conTbirjatibn with; as necessary. (4) a 
radically polymerizing organic compound; (5) an energy beam sensitive radical polymeriM^^^ inltlatorv (6)!^Sah organic i 
compound having two or more hydroxyl groups per one molecule; and other constituents. 
This step rnay^be performed In 

25 turbine agMibn.rolhknead^^ iand th^ types'ahd 

contents of tiie additives;tb;be:mixed;as necessary.may be selected faocordlhg to.the7aforernentioned;preferred com- 
pounding ratio of (1) through (6) and the types and contents of tiie addrtives to be mixed as necessary, which are set 
forth for the ster^^^ 

liquid state at roorn terrpeiBtiiB.^ ^^^^^^^ : -i^y'p^-iyivi v : i^^U^^^ 

30 In the riext step, a given portion Cff the resin composition is exposed to an eriergy,beam,tp :cure the exposed portion 
thereoff^n order to produce a desired:* 

energy beam curing resin compositiorijv which :1s radio-cured Jn Jthe^sameynrTanhertp produceva cured layer whichxori-^ 
tlnuousiyvpyeflapss^ first abqye^ 

sional solid sKape.'iFbr iexanr^e^the Tesmicomf^^ a vessel , such a^ in Japaneise Patent 

35 Application Laidrbpen No. 60-247515; a light guide Is set oh the suilice of the rebiri cx)rT^ portion of 

the surface of the resin conppsrtion Is exposed !to an active energy beam.iwhich is necessary for curing, through the 
light guide.iwhije moving t^^ i-^^ 
ThetyipiBof theac^^ 

is thesameas the^^ctiye^energyfc^ resin :Comppsitidnfao(k)rdlng to the^^ 

40 is. an ultraviolet 'ray^ an< electron bearri, an X-ray, a radioactive ray, or a high-frequency wave may be used, preferably an 
ultraviolet ray for the economical reason. Examples of a ^source of an ulti'ayiolet ray anclude an ultraviolet laser, a mer- 
cury lamp, a xenon lamp, a sodium lamp, and an alkali metal iamp..The most preferable source is a laser fbr its superior 
light corivergepce property, particularly one with an emission wavelength of 300^. 

The following describes various examples in carrying out the present invention. Note tiiat tiie term "part" as used 
45 intiieexamplesis Intended 1o mean "part by weight." "i.^ >. 

EXAMPLE1 • 

A stereolfthographic resin composition was obtained by thoroughly mixing tiie following: 

(1) 75 parts of 3,4-epaxycyclohexylmethyl-3,4-epoxycyc!ohexane carboxylate and 25 parts of 1,4-butanedioldigly- 
cidyl ether, as. a cationically polymerizing organic substance. 

(2) 3 parts of bis-[4-(diphenylsulfonio)phenyl]sulfide phenylbisdihexafluoroantimonate, as an energy beam sensi- 
tive cationia polymerization initiator. ^ : 

55 (3) 20 parts of polyester having a hydroxyl group and a carboxyl group at tiie molecular terminals witii a number- 
average molecular weight of 50000, which was obtained from etiiylene glycol, terephthallc acid, and adipic acid in 
a molar ratio of 1 :0.7:0.3. as a tiiermoplastic polymer compound. The obtained resin composition was a transparent 
light-yellow liquid. 
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m 



Then, a bending test specimen and an Impact test specimen were obtained from the above resin composition by 
curing it in steps of 0.1 mm thickness according to CAD data, using a stereolithographic experiment system which con- 
sisted of a three-dimensional numerically controlled table on which a container for the resin composition was to be 
placed, an argon laser (wavelength: 333, 351 and 364 nm), and a control unit comprising an optical system and a con- 

5 trol computer. The specimens were tested for bending strength and Izod impact strength (notched) according to the test 
method described in J IS K 691 1 . 

The bending strength and the Izod impact strength (notched) of the specimens were 510 kg/cm^ and 32 
kg/cm • cm^. respectively. Also, the precision of a shape molded from this resin, 100 mm in length, 100 mm in width, and 
10 mm in height, was 0.012% relative to the design dimensions. 

10 Next, the resin composition according to the present invention as shown in Table 1 was tested In tiie same manner 
as in example 1. The resin composition and the test results are shown in Tables 1 and 2, respectively For reference, 
the resin composition as shown In Table 2 was also tested in the same manner as in example 1 . The compounds used 
for the test were as follows: 

For the cationically polymerizing organic compounds (hereafter "catlonic resins"), cationic resins 1 through 3 as 
15 shown below were used: 

Cationic resin 1 : 3,4-epQxycyclohexylmetiiyl-3.4-epoxycyclohexane carboxylate. 
Cationic resin 2: 1 ,4-taitanedioldiglycidyl ether. 
Cationic resin 3: bis(3,4-epoxycyclohexylmethyl)adipate. 

20 

For the energy beam sensitive cationic polymerization initiators (hereafter "cationic Initiators") , cationic initiators 1 
and 2 as shown below were used: 

Cationic initiator 1 : bis-[4-(diphenylsulfonio)phenyl] sulfide phenylbisdihexafluoroantimonate. 
25 Cationic Initiator 2: bis-[4-(diphenylsulfonio)phenyqsulf Ide phenylbisdihexafluorophosphate. 

For tiie tiiermoplastic polymer compounds (hereafter "thermoplastics"), thermoplastics 1 through 7 as shown below 
were used: 

30 Thermoplastic 1: a polyester having a hydroxyl lgK=Qup and a carboxyl group at the molecular terminals with a 
number-average molecular weight of 50000, which was obtained from etiiylene glycol, terephthallc acid, and adipic 
acid in a molar ratio of 1 :0.7:0.3. 

Thermoplastic 2: a polyvinyl acetate with a number-average molecular weight of 20000. 
Thermoplastic 3: a polyvinyl acetate with a number-average molecular weight of 200000. 
35 Thermoplastic 4: a styrene-butadlene copolymer hydrogenate witii a number-average molecular weight of 500000 
and a styrene content of 20%. 

Thermoplastic 5: a polyvinyl chloride with a number-average molecular weight of 50000. 
Thermoplastic 6: a polyvinyl acetate with a number-average molecular weight of 50000. 
Thermoplastic 7: a polyvinyl chloride with a number-average molecular weight of 10000. 

40 

For tiie radically polymerizing organic compounds (hereafter "radical resins"), radical resins 1 through 3 as shown 
below were used: 

Radical resin 1 : bisphenol A diglycidyl etiier diacrylate. 
45 Radical resin 2: trimetiiylolpropane triacrylate. 
Radical resin 3: dipentaerythritol hexaacrylate. 

For energy beam sensitive radical polymerization initiators (hereafter Radical initiators"), radical initiators 1 and 2 
as shown below were used: 

50 

Radical initiator 1 : benzophenone. 

Radical initiator 2: 2-hydrQxy-2-metiTyl-1-phenylpropane-1-one 

For organic compounds having two or more hydroxyl groups per one molecule (hereafter "OH compounds"). OH 
55 compounds 1 tiirough 3 as shown below were used: 

OH compound 1: trimethylolpropane witii tiie addition of c - caprolactone having an average molecular weight of 
500. 
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OH compound 2: glycerol with the addition of ethylene oxide having an average molecular weight of 500. 
OH compound 3 : bisphenol A. 



Table 1 
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Table 2 
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In comparative example No. 4 and 5. the resins did not cure. 
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Industrial Feasibility 



As described above, according to the stereolithographic resin composition of the present invention, stereolitho- 
graphic molding obtained has the improved Impact strength and reduced volumetric shrinkage, to prevent warp and dis- 
tortion during curing. And therefore, by the applying stereolithographic of the present invention, highly precise solid 
shape can be obtaied. 

Claims 



10 1 . A stereolithographic resin composition comprising, as essential components thereof: 

(1) a cationically polymerizing organic compound: 100 parts by weight:; . ^ . ; 

(2) an energy beam sensitive cationic polymerization initiator: 0.05 to 10 parts by weight: and 

(3) a therrnoplastic polymer compound : 3 to 100 parts by Weight. 



15 



20 



25 



2. A Stereolithographic resin composition comprising, as essential components thereof:- - 

(1) a cationically polymerizing organic compound: 1 00 parts by weight; 

(2) an energy beam sensitive cationic polymerization initiator: 0.05 to 10 piarts by weight; 

(3) a thermoplaistic polymer compound: 3 to 1 00 wt% of the sum of (1 ) and (4); 

(4) a radically polymerizing orgariic compound^ 1 to 100 parts by weight; and 

. (5) an energy bieam sensitive radical polymerization initiator: 0.05 to 1 0 wt% ^ (4). 

3. The stereolithographic resin composition of any of Claim 1 or 2, wherein 50, w^ or more of (1) cationically polym- 
erizing organic compound. 100 parts by weight, is an epbxy compound having two or more epoxy groups per one 
molecule. 



30 



35 



4. The stereolithographic resin composition of any of Claim 1 or 2. wherein (2) energy beam sensitive cationic polym- 
erization initiator is tiie compound which has the general formuia, as fbllows -v' ^ 




40 



45 



so 



55 



where 'R', which may be identical or non-identical to each other, is hydrogen, halogen, alkyi group containing 1 to 
5 carbons, or aihobxy group containing 1 to 5 carbons which may be substituted with hydroxyl. halogen, or aikoxy 
group containing 1 to 5 carbons, and X' is anion selected from the group consisting of SbFe", PFe". SbFs (OH)" and 

5. The stereolithographic resin Composition of Claiirri 4; wherein (2) energy beam serisitive cationic polymerization ini- 
tiator Is the compound where anion In the general fbrhfiula described above is SbFe' or SbFs (OH)'. 

6. The stereolithographic resin composition of any of Claim i or 2. wherein (3) tiiermoplastic polymer compounds are 
one or more than two compounds selected from the group consisting of polyester, polyvinyl acetate, polyvinyl chlo- 
ride, poiybutadiene. polycarbonate, polystyrene, polyvinyl ether, polyvinylbutyral. polyacrylate, polymethyl methacr- 
ylate. poiybutene. styrene-butadiene block copolymer hydrogenated and derivatives of these above-mentioned 
thermoplastic polymer compounds having a hydroxyl, cari^oxyl. vinyl or epoxy group. 

7. The stereolithographic resin composition of any of Claim 1 or 2, wherein the number-average molecular weight of 
(3) thermoplastic polymer compound is 1000 to 500000. 

8. The stereolithographic resin composition of Claim 2 wherein 50 wt% or more of (4) the radically polymerizing 
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organic compound, 1 to 100 parts by weight, is a radically polymerizing compound having two or more 
(meth)acryiic groups per one molecule. 

9. The stereolithographic resin composition of any of Claim 1 or 2. which comprises 1 to 50 wt% of (6) organic com- 
pound containing two or more hydroxy! groups per one molecule based on (1). 

10. The stereolithographic resin cohposition of Claim 9, wherein (6) organic compounds containing two or more 
hydroxyl groups per one molecule are one or more compounds selected from the group consisting of polyhydric 
alcohol, polyether containing hydroxyl group, polyester containing hydroxyl group and polyhydric phenol. 

11. The stereolithographic resin composition of Claim 9, wherein organic compound containing two or more hydroxyl 
groups per one molecule have the molecular weight of less than 1000. and the hydroxyl value of less than 300: 

12. A stereolithographic method, wherein a given portion of an energy beam curing resin corrposition Is exposed to an 
energy beam to cure the exposed portion thereof, in order to produce a desired thickness of cured layer; then, the 
cured layer Is overlaid with another layer of the energy beam curable resin composition, which is then cured in the 
same manner to produce a cured layer which continuously overlaps the first layer; and the same process is 
repeated to finally obtain a three-dimensional molding; which comprises using the stereolithographic resin compo- 
sition of any of Claim 1 or 2. 
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1. A stereolithographic resin composition comprising, as 
essential components thereof ': 

(1) a cationically polymerizing organic compound: 100 parts 
by. weight; .c- i - 

(2) an energy beam ..sens it; i^^^ cationic polymerization 
initiator: 0.05 to 10 parts by weight ; and ■ ^ ^ 

(3) a thermoplastic polymer compound : 3 to 100 parts by 
weight . ^ - ^ • ■ . 

2. A stereolithographic resin composition comprising, as 
essential^ components thereof: ' ^ 

(1) a cationically polymerizing cHfganic compound: 100 parts 
by weight; ' * i'':. z''^'^^; ' ''^ 'f i;.^"'' "'.'^ 

: i2)':^9^an energy beam sensitive cationic polymerization 
initiator: 0.05 to 10 partsr by we%ht^:- . v^^Oiv^^^^ 

(3) a thermoplastic polyiner compound: 3 to ioo wt% of the 
sum of (1) and (4); 

(4) a radically polymerizing organic cortipou^^^ 1 to 100 parts 
by weight; and 

(5) an. energy beam sensitive radical polymerization 
initiator: 0.05 to 10 wt% of (4) . 

3. The stereolithographic resin composition of any of Clain(V) 
or 2, wherein 50 wt% or more of (1) cationically polymerizing, 
organic compound, 100 parts by weight, is an epoxy compound 
having two or more epoxy groups per one molecule. 

4. The stereolithographic resin composition of any of Claii^^Yy 
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or 2, wherein (2) energy beam sensitive cationic 
polymerization initiator is the compound which has the 
general ■ formula^ as follows 









where 'R', which may be identical or non-identical to each 
other, is hydrogen, halogen, alkyl group ...containing 1 to 
10 5 carbons, or alkoxy group containing 1 to 5 carbons which 

may be substituted with hydroxyl, halogen, or alkoxy group 
containing 1 to 5 carbons, and 'X"' is anion selected from 
the group consisting of SbF^", PFs', SbFs (OH)" and PF5 (OH)'. 
5 . The stereolithographic resin composition of Claim^42^^erein 
15 (2) energy beam sensitive cationic polymerization initiator 

is the compound where anion X' in the general formula 
described above is SbFs" or SbFs (OH)'. 
6. The stereolithographic resin composition of any of Clai(^^iy 
or^2^ wherein (3) thermoplastic polymer compounds are one 
20 or more than two compounds selected from the group consisting 
of polyester, polyvinyl acetate, polyvinyl chloride, 
polybutadiene, polycarbonate, polystyrene, polyvinyl ether, 
polyvinylbutyral, polyacrylate, polymethyl methacrylate, 
polybutene, styrene-butadiene block copolymer hydrogenated 
25 and derivatives of these above-mentioned thermoplastic 

polymer compounds having a hydroxyl, carboxyi, vinyl or epoxy 
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group, 



7. The stereolithographic resin composition of any of ClainW^ 
or 2, wherein the number-average molecular weight of (3) 



10 



15 



20 



25 



thermoplastic polymer cbmpound is 1000 to 500000. 



8. The stereolithographic resin composition of Claii^VwJ^/erein 
50 wt% or more of (4) the radically polymerizing organic 
compound, 1 to 100 parts by weight, is a radically 
polymerizing compound having two or more (meth) acrylic 
groups per one molecule. 

9. The stereolithographic resin composition of any of Claim(l^- 
or 2, which comprises 1 to 50 wt%= of (6) organic compound 
containing two or more hydrdxyl groups per one molecule based 

■ on' (1) . • - . . ' . 

10. The stereolithographic feslii ebmposition of Clain^^Vr^ 
wherein (6) organic compounds containing two or more 
hydroxyl: groups' per one molecule are^ xSrie or more compounds 
selected from the group consisting of polyhydric alcohol, 
polyether containing hydroxyi group, polyester containing 
hydroxyl group and polyhydric phenol. 

11. The stereolithographic resin composition of Claim^T) 
wherein organic compound containing two or more hydroxyl 
groups per one molecule have the molecular weight of less 
than 1000, and the hydroxyl value of less than 300. 

12. A stereolithographic method, wherein a given portion of an 
energy beam curing resin composition is exposed to an energy 
beam to cure the exposed portion thereof ,. in order to produce 
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a desired thickness of cured layer; then, the cured layer 
is overlaid with another layer of the energy beam curable 
resin, composition, which is then cured in the same manner 
to produce a cured layer which continuously overlaps the 
5 first layer; and the same process is repeated to finally 

obtain a three-dimensional molding; which comprises using 
the_stCT^^olithographic resin composition of any of Claim- 
r 1 or 2 . y 

10 



15 



20 
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CLAIMS 



1. A photosensitive composition characterized by comprising: 

from 30 to 90 percent by weight of an epoxy compound (a) having two or more 
epoxy groups in a molecule; 

from 0.1 to 40 percent by weight of a polynuclear phenol compound (b) comprising 
three to five phenolic aromatic rings, wherein either of the ortho positions of each 
hydroxyl group is not substituted with any of a methylol group, or an alkyl group or 
cycloalkyl group having four or more carbon atoms and each of two or more of the 
phenolic aromatic rings has at least one unsubstituted position ortho to the hydroxyl 
group; and 

from 0.1 to 10 percent by weight of an energy beam-sensitive cationic 
polymerization initiator (c). 

2. The photosensitive composition according to claim 1, fiarther comprising from 
1 to 60 percent by weight of a hydroxyl group-containing compound (d) having one 
or more hydroxyl groups and one or more of at least one of a vinyl ether group and 
an oxetanyl group in a molecule. 

3. The photosensitive composition according to claim 1 or 2, wherein the epoxy 
groups of the epoxy compound (a) are alicyclic epoxy groups. 

4. The photosensitive composition according to any of claims 1 to 3, wherein the 
polynuclear phenol compound (b) comprises various polynuclear phenol compounds 
(e) represented by general formula (1): 

[Formula 1] 



(wherein R denotes a C1-C5 alkyl group, a C5-C10 cycloalkyl group, a CpCs alkoxy 
group, a halogen atom, a hydroxyl group, an aryl group or an aralkyl group; all of the 
plurality of R in the formula each may be the same or different; m is an integer from 
0 to 3; and n is an integer from 1 to 3); and 

further contains various polynuclear phenol compounds (f) represented by general 
formula (2): 
[Formula 2] 




(wherein R denotes a C1-C5 alkyl group, a C5-C10 cycloalkyl group, a CpCs alkoxy 
group, a halogen atom, a hydroxyl group, an aryl group or an aralkyl group; all of the 
plurality of R in the formula each may be the same or different; m is an integer from 
0 to 3; and n is an integer of 0 or 4 or more), 

the percentage of the polynuclear phenol compounds (e) relative to the total of the 
polynuclear phenol compounds (e) and (f) being 40 percent by weight or more. 
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5. The photosensitive composition according to any of claims 1 to 3, wherein the 
polynuclear phenol compoimd (b) comprises various polynuclear phenol compounds 
(g) represented by general formula (3): 
[Formula 3] 




(wherein n is an integer from 1 to 3); and 

further contains various polynuclear phenol compounds (h) represented by general 
formula (4): 
[Formula 4] 




(wherein n is an integer of 0 or 4 or more), 

the percentage of the polynuclear phenol compounds (g) relative to the total of the 
polynuclear phenol compounds (g) and (h) being 40 percent by weight or more. 

6. A cured product obtained by irradiating the photosensitive composition 
according to any of claims 1 to 5 with an active beam and optionally heating the 
irradiated composition. 
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7. A photosensitive adhesive comprising the photosensitive composition 
according to any of claims 1 to 5. 

8. A photosensitive coating material comprising the photosensitive composition 
according to any of claims 1 to 5. 

9. A photosensitive ink jet ink comprising the photosensitive composition 
according to any of claims 1 to 5 and a coloring agent. 

10. A cured product obtained by irradiating the photosensitive material according 
to any of claims 7 to 9 with an active beam and optionally heating the irradiated 
material. 

11. A flat panel display produced by using the photosensitive adhesive according 
to claim 7 as a sealer. 

12. The flat panel display according to claim 11, wherein the flat panel display is 
an organic electroluminescent display. 

13. (Added) The photosensitive coating ngiaterial according to claim 8, further 
comprising an alkoxysilane. 

14. (Added) The photosensitive coating material according to 13, wherein the 
alkoxysilane is tetraethoxysilane. 
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